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Motivation

e Need an ODE integrator for Newcomb

- Observation Integration
Module Module
| |
| |
Parameter
Estimation
Module

e Need a tool for solar system dynamics research

= Chaos diagnostics
e Frequency analysis (FFT, MEM)
e Maximum Lyapunov exponent (tangent vector)
e Trajectory curvature tensor
= Resonance diagnostics
e Mean motion critical angle

e Secular resonance critical angles (selectable)
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Text in GREEN denotes a feature that is common to both Newton and the integration module of Newcomb.


Motivation (continued)

e Object-oriented design

u C++

e Newcomb and solar system tool needs overlap
significantly

e Most efficient answer: a standalone program (for a time)!

= Simultaneous Newcomb and solar system tool development
for most of the development cycle
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Features — GUI

o
£ Mewton -

BfloNewon  AEE
Help Help
integratar l options l GR l integratar ] options l GR. l

Test Body 1Cs l 1/ C l Test Body |Cs FAY
alo.o97762 peri [43.645778 v use serateh file
e |0.514874 nade |126.372131 start  [01-01-1998 00:00:00
il19.81197 anorn (237 815167 stop 1 RO

N output |5
epach |09-09-199}’ Q0000 Gl :
Copy plot options
Ch v ' rotating frame
test body[3753 1986 O | ——e L i el =
| Lelie | rotating XY Earth+hoon j
v 2-omega
Browse Database | ¥ critical angle

Control Control

Load | Save | Run Quit | Load [FE5ve" Run | Quit |
I8 Pl Jneindeliiss el Jeirte it Input File: J:\Newton\3753_long.ini
ITEGIFE TEIEE Integration halted

4 10/23/97

Seidelmann_10-23-97.prz



Features — GUI

() Newton

Help
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27 Newton -
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Input File: 1:AMNewtont,3753_long.ini

Integration halted

Input File: J:\MNewtont2753_long.ini

Integration halted
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Features — GUI

2 ) Hewton
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Features — Database

= Selectable databases

= Search & filtering
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Features — Database

[@'] Orbital Elements Database
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Features — Runtime Information

31 Newton
—Run Info
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Features — Runtime Graphics

IEEI Hewton Runtime Plots
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Features — Runtime Graphics

@:I Mewton Runtime Plots
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Features — Runtime Graphics

@) Newton Runtime Plots
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Features

= Plots & dialogs automatically adjust
[
e Interactive mean-motion resonance analysis

= Interact with each other

= [nteract with planets
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Features (To Do)

e Calculate maximum Lyapunov exponent
o
e Calculate trajectory curvature tensor components

e Frequency analysis
= FFT

= Maximum entropy method

o Classical k;
e Generalized secular resonance plots

e "Throw planets into Sun"
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Current Research Using Newton

e Inner solar system asteroidal dynamics
= Survey looking for existing dynamically interesting objects
= Resonance effects

e Overlapping secular resonances

e Kozai resonances

e Trans-Neptunian dynamics

= Dynamical survey
e Look for peculiar members

e Discovered a seemingly periodic orbit!

= Mean motion resonances

e About | /4 as many in 2:3 resonance as thought by
Marsden, Jewitt, and others

e Some locked into very high-order resonances (e.g., 17:29!)
e Check Malhotra's theory

~ Objects swept up but left behind by resonance sweeping?

= Secular resonances
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